We have reported previously that biotin, as well as muscle adenylic acid, is somehow concerned in the reversible deamination of aspartic acid, and in the deamination of serine and threonine (Lichstein and Umbreit, 1947a; Lichstein and Christman, 1948) . This has been demonstrated by employing an aging technique consisting of the exposure of living bacterial cell suspensions to molar phosphate at pH 4 for a short time (Lichstein and Umbreit, 1947a,b; Lichstein and Christman, 1948) .
The organisms employed in these studies were Bacterium cadaveris (Gale) and Proteus vulgaris, which were grown for approximately 16 hours at 30 C in a medium composed of 1 per cent each of tryptone and yeast extract and 0.5 per cent K2HPO4. The cells were harvested by centrifugation, washed once with distilled water, and suspended in M phosphate, pH 4, to give about 1 mg of bacterial nitrogen per ml. Resolution was obtained as previously described by holding the cell suspensions at pH 4 in phosphate buffer for 30 to 60 minutes at 25 to 30 C. The deamination experiments were performed in phosphate buffer at 37 C. After incubation in the presence of an amino acid substrate the reaction was stopped by the addition of 6 molal trichloroacetic acid, and ammonia was determined colorimetrically (Klett-Summerson photoelectric colorimeter) on aliquots of the centrifuged samples. The increase in ammonia over identical samples incubated without added substrate was taken as an index of deamination. The biotin employed was the free acid,4 the adenylic acid was the adenosine-5-phos-phoric acid,5 and the yeast extract was the desiccated product obtained from the Difco Laboratories, Inc.
Microbiological asays for biotin were made with a variety of strains of Saccharomyces cerevisiaef employing the medium of Snell et al. (1940) modified by the addition of 100 ,ug of nicotinic acid and 20 jug of para-aminobenzoic acid per liter. Total growth was measured by nephelometry, and the biotin content was determined by suitable standard curves.
Special techniques employed in the separation of the coenzyme from yeast extract are given in the experimental portion of the paper.
EXPERIMENTAL RESULTS
The data already presented (Lichstein, 1949) [VOL. 58 in complete inactivation, the material was quite stable to most physical and chemical manipulations. It remained active on heating at 110 C for 3 days, on repeated solution and evaporation to dryness at 100 C, on autoclaving at 121 C for 1 hour, on boiling with 5 per cent HCl or NaOH for 1 hour, and on refluxing with a variety of solvents for long periods of time.
Solubility characteristics. One gram of desiccated Difco yeast extract was suspended in 100 ml of solvent in a 250-ml Erlenmeyer flask, heated to boiling, cooled, and filtered. The filtrate and precipitate were both dried, and a 1 per cent aqueous solution of each was prepared and tested for activity in the stimulation of aspartic acid deaminase in aged cell suspensions of Bacterium cadaveris. The active material was insoluble in ether, absolute ether, ethyl acetate, nbutyl alcohol, chloroform, and carbon tetrachloride; it was only slightly soluble in iso-propyl alcohol; it was relatively soluble in water, methyl alcohol, and 95 per cent and absolute ethyl alcohol. However, no clear-cut separation was achieved with these solvents.
Using absolute ethyl alcohol, we then turned to continuous extraction of yeast extract with the hope of obtaining a more clear-cut separation. Although this procedure resulted in a product that had certain advantageous features, such as lack of hygroscopic nature, removal of a certain amount of ammonium ion, etc., the ratio of the amount of coenzyme to the total amount of material was not appreciably increased.
Adsorption. Adsorption of the active material from dilute solutions at pH 4 by activated carbon, and elution with ammoniacal ethanol, effected considerable purification, but the procedure was unsuitable for use on a large scale in our laboratory.
Paper partition chromatography. The technique employed was essentially that described by Home and Pollard (1948) . In general, 10 to 20 mg of yeast extract were dissolved in a minimum quantity of water and placed 2 inches above the end of the strip in a narrow band. The position was marked, and the strip hung in a chamber with about 5 mm of the end of the strip immersed in the solvent. After a period of time, depending on the solvent, when the solvent front had advanced about 250 mm, the strip was removed from the chamber and dried at 110 C. After drying, the strip was cut into 10 equal pieces and eluted with a constant volume of water, giving approximate concentrations equivalent to an original 1 per cent solution of yeast extract. The samples were then tested for biotin content with Saccharomyces cerevisiae (139) and for the ability to activate aspartic acid deaminase in aged cell suspensions of Bacterium cadaveris.
The first system studied, that is, water as the mobile phase in a saturated water atmosphere, gave no separation of biotin from the coenzyme and was thus unsatisfactory. This was likewise true of a butanol-water system. To date, the most successful procedure has been the use of a 75 per cent phenol and 25 per cent water mobile phase in a water-saturated atmosphere at 30 C. Because of the involvement of biotin in serine and threonine deaminases, as well as in aspartic acid deaminase (Lichstein and Umbreit, 1947a; Lichstein and Christman, 1948) , the eluted samples were tested for the ability to stimulate all three deam-1949] inases in aged cell suspensions of Bacterium cadaveris and for biotin content by stimulation of growth of Saccharomyces cerevisiae (139). The results of one such experiment are given in figure 2.
It can be seen from this graph that biotin moves to the top of the chromatogram having an Rf value between 0.8 and 1.0. The stimulatory material for aspartic acid, serine, and threonine deaminases falls between R% 0.3 and 0.5, with maximum concentration at Rf 0.4. These data show that the activator of all three enzymes falls on approximately the same spot and suggest that they are either closely related chemically or identical. It is probably that the material is relatively pure with respect to free biotin as assayed by Saccharomyces cerevisiae (139), and further that this organism does not respond to the coenzyme fraction.
The relative stimulatory effect of a pooled sample composed of Rf 0.4 and 0.5 on aspartic acid, serine, and threonine deaminases in Bacterium cadaveris is shown in figure 3 . Although the involvement of biotin in these deaminases does not necessarily mean that it is the coenzyme or even part of the coenzyme, we proceeded to determine whether or not biotin could be detected in the coenzyme
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[VOL. 58 fraction separated from whole yeast extract by chromatography employing the phenol-water system. As already stated, Saccharomyces cerevisiae (139) does not respond to the coenzyme fraction. This presents two possibilities, either (1) there is no biotin in this fraction, or (2) the biotin is not available to this strain. The existence of bound forms of biotin, that is, forms that may be microbiologically unavailable, has been demonstrated by many investigators (Bowden and Peterson, 1949) .
Experimentally we attacked the problem from two directions: (1) a search for organisms that might respond to the coenzyme fraction in a biotin-free medium, and (2) hydrolysis of the coenzyme fraction to determine whether The distribution of the stimulatory material for aspartic acid deaminase in aged cell suspensions of Bacterium cadaveris shows a wider spread than previously and is probably due to greater concentration (figure 4). However, the greatest concentration of material is at R1 0.3 to 0.5. The relative stimulatory effect of the Rf 0.4 fraction on partially resolved aspartic acid, serine, and threonine deaminases in Bacterium cadaVers as compared with the effect of biotin and adenylic acid may be seen in figure 5.
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A pooled sample containing Rf 0.3 to 0.6 was assayed against the 139 Java strains of S. cerevisiae in order to determine the bound biotin content of the coenzyme fraction. In addition, a duplicate set of tubes were held in boiling water for variable periods of time to ascertain whether or not free biotin could be liberated. These results are given in table 2. It may be noted that once again the 139 strain does not respond to the coenzyme fraction, whereas growth of the Java strain is supported by this fraction in a biotin-deficient medium. It may be seen also that gentle hydrolysis of the coenzyme fraction, boiling in water rather than with 6 N sulfuric acid, liberates free biotin, which is assayed by both organisms.
The absence of free biotin in the coenzyme fraction is more clearly demon-strated by the data given in table 3. It may be noted here that S. cerevisiae 139 fails to show any response to the fraction, whereas the Java strain exhibits excellent growth in several dilutions.
These results lead one to the conclusion that bound biotin is firmly associated with the coenzyme of these deaminases. Unfortunately, the amount of coenzyme separated from yeast extract by the methods employed has prevented more quantitative data, so that we are not at present in a position to determine the absolute ratio of bound biotin to coenzyme. Further, we recognize that we do not have a pure material, but rather have effected considerable purification and more particularly a separation of the coenzyme from free biotin. More recent results with a four-step purification, in which 2 grams of yeast extract were concentrated to 27 milligrams, by titration studies revealed a parallelism between coenzyme activity and the bound biotin content of the concentrate, since the highest dilution exhibiting coenzyme activity was identical with the highest dilution sufficient to support growth of S. cerevisae (Java).
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SUMMARY
By means of paper strip chromatography we have been able to separate from yeast extract a substance or substances that activate the deaminases of aspartic acid, serine, and threonine. The material is not adenylic acid or biotin as such, and from the nature of the stimulations obtained it is concluded that this fraction contains the coenzymes of these reactions. From the position on the chromatogram it is probable that they are chemically similar or identical.
Although the coenzyme fraction is not pure, it has been purified with respect to free biotin. This fraction supports the growth of Saccharomyces cerevisiae (Java) in a biotin-deficient mediuim, and upon hydrolysis biotin is made available to Saceharomyces cerevisiae (139), which does not respond to the unhydrolyzed material.
